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1
INVERTER APPARATUS

TECHNICAL FIELD

The present invention relates to an inverter apparatus.

BACKGROUND ART

Conventionally, V/T vector control has been known as a
motor driving control method using an inverter apparatus
(see, for example, PTL 1). Furthermore, in V/I vector
control, overmodulation control, which is a control method
with a voltage utilization rate set to be no less than 1 has
been known (see, for example, PTL 2).

Also, 1n motor control using an inverter apparatus, 1t 1s
necessary to detect three phase alternating currents flowing,
from an 1nverter to a motor. As a method for detecting the
three phase alternating currents, for example, PTL 3 dis-
closes a method 1n which three phase alternating currents are
detected by one current sensor provided on the input side of
an 1inverter. More specifically, PTL 3 discloses a technique 1n
which using the phenomenon that two-phase current infor-
mation appears 1n a direct current for a PWM 1nverter by
turning on/ofl switching elements for respective phases
included in the inverter, a sampled direct-current input
current 1s distributed to the respective phases based on
information on the on/ofl of the switching elements and the

distributed currents are detected as detected current values
of the three phases.

CITATION LIST

Patent Literature

{PTL 1}

Japanese Unexamined Patent Application, Publication
No. 2005-210813
{PTL 2}

Japanese Unexamined Patent Application, Publication
No. 2010-093931
{PTL 3}

Japanese Unexamined Patent Application, Publication
No. 2008-220117

SUMMARY OF INVENTION

Technical Problem

However, for example, 1n overmodulation control such as
disclosed in PTL 2 above, control may be performed so that,
from among switching eclements in a lower-side arm
included in an 1nverter, a switching element for one phase 1s
kept on over a period equal to or exceeding one control cycle
and switching elements for two phases are kept off (see, for
example, FIG. 7). Meanwhile, 1n the motor current detection
method disclosed 1n PTL 3 above, the phenomenon that
two-phase current information appears 1n a direct current as
a result of turning on/off the switching elements 1s used.
Thus, occurrence of current change by switching within one
control cycle 1s a requirement for current detection.

Accordingly, for example, 11 a switching state such as
illustrated 1n FIG. 7 during overmodulation control being
performed, current detection using the technique disclosed
in PTL 3 cannot be performed, causing the problem of
tailure to achieve stable inverter control.

An object of the present invention 1s to provide an inverter
apparatus that can achieve stable inverter control by means
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2

of current detection using one current sensor over all of
periods 1n which overmodulation control 1s performed.

Solution to Problem

A first aspect of the present invention provides an inverter
apparatus including: an iverter that converts a direct-
current voltage input via a direct-current bus 1nto three phase
alternating voltages and outputs the three phase alternating
voltages to a motor; an inverter control unit that controls the
inverter; and a current detection unit that detects the direct
current flowing i1 the direct-current bus, wheremn the
inverter control unit includes a first current calculation
section that holds, 1n advance, a y-axis current arithmetic
expression including the direct current as a parameter, and
calculates a v-axis current using the direct current detected
by the current detection unit for the y-axis current arithmetic
CXpression.

In the above configuration, the y-axis current calculation
section holds, 1n advance, an arithmetic expression for
calculating a vy-axis current, the arithmetic expression
including a direct current as a parameter, and a y-axis current
1s calculated using the arithmetic expression, and thus, 11 a
direct current can be detected, a y-axis current can be figured
out. Consequently, even 1f only one current sensor 1s pro-
vided, a y-axis current can be figured out in all of periods in
which overmodulation control 1s performed.

Examples of the parameter for a direct current include
parameters relating to a direct current, each parameter being
set using the direct current, such as an average direct current
figured out by performing processing for averaging the
direct current.

In the inverter apparatus, the y-axis current arithmetic
expression 1s, for example, an expression obtained by fig-
uring out a relationship between an average direct current
and the y-axis current relative to a motor torque when a line
voltage and a rotating shait speed of a motor are changed,
respectively, and deriving the expression from the relation-
ship.

In the inverter apparatus, 1t 1s possible that the iverter
control unit includes a second current calculation section
that calculates three phase alternating currents from the
direct current detected by the current detection unit and
calculates a 0-axis current from the three phase alternating
currents.

In the inverter apparatus, it 1s possible that: the inverter
control unit includes a V/1I control section to which the y-axis
current calculated by the first current calculation section and
the 0-axis current calculated by the second current calcula-
tion section are input; and the V/1 control section includes a
power supply frequency command calculation section that
calculates a power supply frequency command using the
v-axis current and a speed command for the motor, a y-axis
voltage command calculation section that calculates a y-axis
voltage command using an arithmetic expression including
an ntegral term of the 6-axis current and the power supply
frequency command as parameters, and a 0-axis voltage
command calculation section that calculates a 6-axis voltage
command using a linear function of the 0-axis current.

In the mverter apparatus, 1t 1s possible that the second
current calculation section calculates the 0-axis current from
the three phase alternating currents 1n a first period 1n which
a duty cycle 1s neither 100% nor 0% 1n one electrical angle
cycle during overmodulation control being performed, and
keeps the o0-axis current calculated last time in the first
period and outputs the kept value as the 6-axis current 1n a
period other than the first period.
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As described above, 1n a period other than the first period,
the second current calculation section outputs a last value
held by the second current calculation section without
performing calculation processing, enabling reduction in
processing load and power consumption.

Here, “first period” refers to a period that 1s equal to or
lower than an upper limit of a duty cycle that enables an
inverter controller (for example, a CPU) to secure time
necessary for detecting a current value and 1s equal to or
higher than a lower limit of the duty cycle that enables the
inverter controller to secure time necessary for detecting a
current value.

In the inverter apparatus, 1t 1s possible that 1n a period in
which a duty cycle 1s either 100% or 0% 1n one electrical
angle cycle during overmodulation control being performed,
the second current calculation section halts processing for
calculating the ¢-axis current, and the y-axis voltage com-
mand calculation section calculates the y-axis voltage com-
mand using a fixed value set 1n advance 1n the integral term
of the ¢0-axis current.

As described above, 1n a period that a duty cycle 1s either
100% or 0% 1n one electrical angle cycle during overmodu-
lation control being performed, the processing for calculat-
ing the 0-axis current 1s halted and processing for calculating
the integral term of the 6-axis current in the V/i control
section 1s also halted, enabling simplification of the arith-
metic processing, whereby a processing load on the inverter
control unit can be reduced.

In the mverter apparatus, it 1s possible that during over-
modulation control being performed, the o6-axis voltage
command calculation section outputs a fixed value set 1n
advance as the ¢-axis voltage command.

As described above, during overmodulation control being
performed, processing for calculating the ¢6-axis voltage
command in the V/I control section 1s halted, enabling
simplification of the arithmetic processing, whereby the
processing load on the inverter control unit can be reduced.

In the mverter apparatus, it 1s possible that the iverter
control unit includes: a V/1 control section to which the
v-axis current calculated by the first current calculation
section 1s input, the V/1T control section calculating a power
supply frequency command using the vy-axis current and a
speed command for the motor; and a third current calcula-
tion section that holds, 1n advance, a 6-axis current arith-
metic expression including a line voltage and the power
supply frequency command calculated in the V/T control
section as parameters, and calculates a 0-axis current using
an command value or a measurement value of the line
voltage and the power supply frequency command calcu-
lated by the V/f control section for the 06-axis current
arithmetic expression.

In the above configuration, the third current calculation
section holds, 1n advance, an arithmetic expression for
calculating a 0-axis current, and calculates the 6-axis current
using the arithmetic expression. Consequently, even if only
one current sensor 1s provided, a o0-axis current can be
figured out 1n all of periods 1n which overmodulation control
1s performed.

In the mverter apparatus, the d-axis current arithmetic
expression 1s, for example, an expression obtained by {fig-
uring out a relationship between the 6-axis current and a
motor torque when the line voltage and a rotating shaift speed
of the motor are changed, respectively, and derniving the
expression from the relationship.

It 1s possible that: the inverter apparatus includes a fourth
current calculation section that calculates three phase alter-
nating currents ifrom the direct current detected by the
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4

current detection unit, and calculates a y-axis current from
the three phase alternating currents, and a second current
calculation section that calculates a 0-axis current from the
calculated three phase alternating currents; and 1n a period 1n
which overmodulation control 1s performed, the y-axis cur-
rent 1s calculated by the first current calculation section and
the 0-axis current 1s calculated by the third current calcula-
tion section, and 1n a period in which the overmodulation
control 1s not performed, the y-axis current 1s calculated by
the fourth current calculation section and the d-axis current
1s calculated by the second current calculation section.

In the mverter apparatus, 1t 1s possible that 1n a first period
in which a duty cycle i1s neither 100% nor 0% in one
clectrical angle cycle during overmodulation control being
performed, the v-axis current i1s calculated by the fourth
current calculation section and the 0-axis current 1s calcu-
lated by the second current calculation section, and 1n a
period other than the first period, the y-axis current 1s
calculated by the first current calculation section and the
0-axis current 1s calculated by the third current calculation
section.

Advantageous Elflects of Invention

The present invention provides the advantageous effect of
being able to achieve stable inverter control by means of
current detection using one current sensor 1n all of periods
in which overmodulation control 1s performed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 15 a diagram 1illustrating a schematic configuration
of an 1mverter apparatus according to a first embodiment of
the present invention.

FIG. 2 1s a functional block diagram 1llustrating functions
included in the mverter controller illustrated in FIG. 1 1n a
developed state.

FIG. 3 mcludes diagrams each illustrating a relationship
between an average direct current, and a y-axis current and
a 0-axis current relative to a motor torque when a line
voltage command eflective value and a rotating shait speed
ol a motor are changed, respectively.

FIG. 4 includes diagrams each illustrating a relationship
between an average direct current, and a y-axis current and
a 0-axis current relative to a motor torque when a line
voltage command eflective value and a rotating shaft speed
of a motor are changed, respectively.

FIG. 5 mcludes diagrams each illustrating a relationship
between an average direct current, and a y-axis current and
a 0-axis current relative to a motor torque when a line
voltage command eflective value and a rotating shaft speed
ol a motor are changed, respectively.

FIG. 6 1s a diagram 1llustrating a relationship between an
average value of the 0-axis current obtained from the rela-
tionships 1llustrated in FIGS. 3 to 5, and the line voltage
command effective value/the rotating shait speed of the
motor.

FIG. 7 1s a diagram illustrating an example of PWM
signals of U-phase, V-phase and W-phase negative-side
switches at the time of overmodulation control.

FIG. 8 1s a block diagram illustrating a schematic con-
figuration of an inverter apparatus according to a second
embodiment of the present invention.

FIG. 9 1s a diagram for describing a first period.

FIG. 10 1s a block diagram illustrating a schematic
configuration of an inverter apparatus according to a third
embodiment of the present invention.




US 9,520,824 B2

d
DESCRIPTION OF EMBODIMENTS

An embodiment for a case where an 1nverter apparatus
according to the present invention 1s employed for a com-
pressor motor used 1n an 1n-vehicle air conditioner will be
described below with reference to the drawings. The inverter
apparatus according to the present invention can be applied
not only to a compressor motor, which will be described
below, but also widely to any of motors in general.

First Embodiment

FIG. 1 1s a diagram 1llustrating a schematic diagram of an
inverter apparatus according to a first embodiment of the
present invention. As illustrated in FIG. 1, an inverter
apparatus 1 includes an inverter 2 that converts a direct-
current voltage V .~ mnput from a direct-current power sup-
ply 5 via a direct-current bus L into three phase alternating
voltages and outputs the three phase alternating voltages to
a compressor motor 4, and an nverter controller 3 that
controls the mverter 2.

The inverter 2 includes switching elements S, ,, S, S, ..
in an upper arm and switching elements S, . S, S, 1n a
lower arm, which are provided for respective phases, and
these switching elements are controlled by the inverter
controller 3, thereby generating three phase alternating volt-
ages supplied to the compressor motor 4.

Also, the mverter apparatus 1 includes a current sensor
(current detection unit) 6 for detecting a direct current 1,
flowing 1n the direct-current bus L, and a voltage sensor 8
that detects an input direct-current voltage V. for the
inverter 2.

The direct current 1_, detected by the current sensor 6 and
the direct-current voltage V ,, ~ detected by the voltage sensor
8 are mnput to the mverter controller 3. Here, as an example
of the current sensor 6, a shunt resistance may be employed.
Also, although the current sensor 6 1s provided on the
negative side of the direct-current power supply 5 1n FIG. 1,
the current sensor 6 may be provided on the positive side.

The inverter controller 3 1s, for example, an MPU (micro
processing unit), and includes a computer-readable record-
ing medium 1n which a program for performing respective
processes described below are recorded, and upon a CPU
reading the program recorded 1n the recording medium onto
a main memory unit such as a RAM and executing the
program, the respective processes below are performed.
Examples of the computer-readable recording medium
include, e.g., magnetic disks, magneto optical disks and
semiconductor memories.

The mverter controller 3 generates a PWM signal S,
for making a rotation speed of the compressor motor 4 meet
a motor speed command provided from an upper-level
controller (1llustration omitted), for each of the phases, and
provides these PWM signals S, - to the switching elements
for the respective phases in the inverter 2, thereby control-
ling the mnverter 2 to supply desired three phase alternating
voltages to the compressor motor 4.

FIG. 2 1s a functional block diagram 1llustrating functions
included in the inverter controller 3 1 a developed state.

As 1llustrated 1n FIG. 2, the inverter controller 3 includes
a current calculation section 11, a V/1 control section 12 and
a PWM signal generation section 13.

The current calculation section 11 includes an average
current calculation section 111, a y-axis current calculation
section (first current calculation section) 112 and a 6-axis
current calculation section (third current calculation section)

113.
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6

The average current calculation section 111 averages the
direct current 1, detected by the current sensor 6 in a
predetermined sampling cycle to calculate an average direct
current 1, _ . The average current calculation section 111
averages, for example, the direct current i_, in a cycle of an
clectrical angle of 60° of a current of any of the phases to
obtain the average direct current1_, . . The averaging of the
direct current i_, is not necessarily required and may be
omitted 11 speed fluctuations and vibration are small enough
to cause no problem during the motor being driven. In this
case, 1n the later-described vy-axis current calculation, a
y-axis current 1, 1s calculated using a direct current 1, instead
of the average direct current 1, .

The v-axis current calculation section 112 holds, in
advance, a y-axis current arithmetic expression including an
average direct current 1., . as a parameter, and substitutes
the average direct current i, __ calculated by the average
current calculation section 111 into the y-axis current arith-
metic expression to calculate the y-axis current 1.

The o0-axis current calculation section 113 holds, 1n
advance, a 0-axis current arithmetic expression including a
line voltage command effective value V,_ _as a parameter.
Here, the line voltage command etfective value V,__1s a
value determined from on a power supply frequency com-
mand w,* and two phase voltage commands v.* and vg*
used 1n the later-described V/1 control section 12. The 0-axis
current calculation section 113 uses the line voltage com-
mand effective value V__ _determined from the power sup-
ply frequency command w,* and the two phase voltage
commands v, * and vy* calculated by the V/1 control section
12 for the 6-axis current arithmetic expression to calculate a
0-axis current 1.

The line voltage command effective value V,__ can be
calculated according the following expression.

2 2
Vrmsz‘J(vEﬁbg +VT$ )

Here, the v-axis current and the 6-axis current are currents
for respective axes, which are set using a 0-y coordinate
system. The 0-y coordinate system 1s formed by inverter
axes (y-axis and 0-axis) for driving the motor with neither
detection nor estimation of a position of a rotor, and corre-
sponds to a d-q coordinate system 1n which a d-axis 1s set 1n
a direction of a magnetic flux 1n the position of the rotor 1n
the motor and a g-axis 1s set 1n a direction perpendicular to
the d-axis.

For calculation of the ¢-axis current 15, an actual line
voltage eflective value (measurement value) may be used
instead of the line voltage command eflective value V.
Also, although in the above example, the line voltage
command effective value 1s calculated from the two phase
voltage commands v,* and vg*, the line voltage command
cllective value may be calculated from three phase voltage
commands.

Details of the v-axis current arithmetic expression held by
the v-axis current calculation section 112 and the o0-axis
current arithmetic expression held by the 6-axis current
calculation section 113 will be described later.

The V/T control section 12 includes a speed/position
command generation section 121, a voltage command gen-
eration section 122 and two phase/three phase conversion
section 123.

The speed/position command generation section 121 cal-
culates a power supply frequency command (angular fre-
quency command for three phase alternating voltages sup-
plied to the compressor motor 4) w, * using a rotating shaft
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speed command m_* for the compressor motor 4 and the
y-axis current 1, calculated by the y-axis current calculation
section 112.

The power supply frequency command ;™ can be cal-
culated using, for example, Expression (1) below.

h— R '
W, *=nw,, =K I,

(1)

In Expression (1), n 1s a number of pole pairs, o _* 1s a
rotating shaft speed command for a motor, and K 1s a
frequency control gain, which 1s a positive constant.

According to Expression (1), if the y-axis current 1,
increases, that 1s, 11 a motor load increases, the power supply
frequency command m,* 1s decreased. Meanwhile, 1f the
y-axis current 1, decreases, that 1s, 1f the motor load
decreases, the power supply frequency command w,* 1s
increased. As a result of the control being performed 1n such
a manner as described above, 1f the motor load increases, the
power supply frequency command w,* 1s decreased,
enabling stall prevention, and 11 the motor load decreases,
the power supply frequency command m,* 1s increased,
ecnabling suppression of acceleration of the motor.

Furthermore, the speed/position command generation
section 121 integrates the power supply frequency command
m, * to calculate a rotor position command 0*. An expression
tor calculation of the rotor position command 0* 1s provided
as Expression (2) below.

0% =, *dt (2)

The voltage command generation section 122 calculates a
y-axis voltage command v, * from Expression (3) below and
a 0-axis voltage command v * from Expression (4) below.

Vﬁf*:Aa}le $+ Vaﬁ? (3)

(4)

In Expression (3), As* 1s an induced voltage coetlicient
(reverse voltage coellicient) for the compressor motor 5, and
Vs 18 an oflset voltage, which can be figured out according
to Expression (5) below. Also, in Expression (4), K 1s a
0-axis current control gain, which 1s a positive constant.

. .
Vo ——iagly

(3)

In Expression (35) above, K , 1s a voltage adjustment gain,
which 1s a positive constant.

The two phase/three phase conversion section 123 calcu-
lates three phase voltage commands v, *, v * and v_* from
the y-axis voltage command v,* and the o-axis voltage
command v;* calculated 1n the voltage command generation
section 122, using the rotor position command 0*.

The PWM signal generation section 13 generates PWM
signals S ., . for the respective phases, using the three phase
voltage commands v_*, v_* and v _* calculated by the V/T
control section 12. Also, for generation of the PWM signals
S -0 the direct-current voltage V 5~ input to the inverter 2
1s used.

Next, the y-axis current arithmetic expression and the
0-axis current arithmetic expression used in the current
calculation section 11, which provide one of main charac-
teristics of the present invention, will be described 1n detail.

The mventors perform simulations to figure out a rela-
tionship between the average direct current 1., ., and the
y-axis current 1, and the 0-axis current 1, relative to a motor
torque when the line voltage command eflective value and
a rotating shaft speed of the motor are changed, respectively.

FIGS. 3 to 5 illustrate results of the simulations. In each
of the graphs in FIGS. 3 to 5, the ordinate axis represents
current and the abscissa axis represents motor torque. FIG.
3 indicates results of simulations where the rotating shatt
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8

speed of the motor 1s low, for example, the rotating shait
speed 1s set to be no less than 70% and less than 80% relative
to a maximum rotating shaft speed, FIG. 4 indicates results
of sitmulations where the rotating shait speed of the motor 1s
medium, for example, the rotating shait speed 1s set to be no
less than 80% and less than 90% relative to the maximum
rotating shaft speed, and FIG. 5 indicates results of simu-
lations where the rotating shaft speed of the motor 1s high,
for example, the rotating shait speed 1s set to be no less than
90% and no more than 100% relative to the maximum
rotating shait speed. Also, 1n FIGS. 3 to 5, the line voltage
command effective value 1s gradually increased 1n the order
of from FIGS. 3(a) to 5(c). The respective characteristics are
figured out for respective line voltage command eflective
values and respective rotating shait speeds of the motor that
may provide overmodulation control depending on the
motor torque.

As 1llustrated 1 FIGS. 3 to 5, there 1s a proportional
relationship between the y-axis current 1, and the average
direct current1,, .., and 1t was found that the v-axis current
1, can be expressed by a linear function of the average direct
current 1, .

Also, it was found that a proportionality factor (y-axis
current conversion factor Kvy) can be expressed by a constant
value 1rrespective of the rotation speed and the line voltage
command eflfective value. A y-axis current arithmetic expres-
sion derived from the simulation results 1s indicated as
Expression (6).

L, —Ksz

(6)

In Expression (6) above, K, 1s a y-axis current conversion
factor, which 1s a value derived from the simulation results
indicated 1n FIGS. 3 to 5.

As opposed to the y-axis current 1., it was tound that the
0-axis current 15 1s substantially constant relative to the
motor torque and also the 6-axis current 1, changes accord-
ing to the line voltage command effective value and the
rotating shaft speed of the motor. Therefore, the mventors
plotted an average value of the o-axis currents in the
respective graphs i FIGS. 3 to 5 i a coordinate space with
a value obtained as a result of division of the line voltage
command eflective value by the rotating shaft speed of the
motor as the abscissa axis and with the average value of the
0-axis current 15 as the ordinate axis, to figure out charac-
teristics for respective rotation speeds (70%, 85% and 100%
relative to the maximum shaft speed) such as illustrated in
FIG. 6. From FIG. 6, 1t was found that the average value of
the o-axis current 1y can be a linear function of a value
obtained as a result of division of the line voltage command
cllective value by the rotating shaft speed of the motor. A
0-axis current arithmetic expression derived from the simu-
lation results 1s 1indicated as Expression (7).

sh _ave

i5=Ka(V,

FHE

/0 F )+

(7)

In Expression (7), K 1s a 8-axis current conversion factor,
V .15 a line voltage command effective value, m,* 1s a
power supply frequency command, and 15, 18 a 0-axis
current oflset. Here, the 0-axis current conversion factor Ky
and the o-axis current offset 15, are values that can be
derived from the characteristics indicated in FIG. 6. Also,
although the rotating shaft speed of the motor 1s used 1n FIG.
6, the power supply frequency command 1s used in Expres-
sion (7) mnstead of the rotating shait speed of the motor.
Reasons for this are that: the power supply Irequency
command substantially corresponds to the rotating shaft
speed of the motor and the arithmetic expression thus holds
even 1f the rotating shaft speed of the motor 1s substituted

W fs
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with the power supply Irequency command; and as
described above, the inverter controller 3 uses the power
supply Irequency command o,;* for V/I control. As
described above, the power supply frequency command o, *
calculated for V/1T control i1s used as 1t 1s, enabling easy
calculation of the 0-axis current.

Next, an operation of the mverter controller 3 according
to the present embodiment will be described.

First, a direct current 1, and an input direct-current
voltage v, ~ detected by the current sensor 6 and the voltage
sensor 8, respectively, are input to the inverter controller 3.
The average current calculation section 111 of the current
calculation section 11 in the inverter controller 3 averages
the direct current 1_, in a predetermined sampling cycle and
outputs an average direct current1_, . to the y-axis current
calculation section 112 and the §-axis current calculation
section 113.

The v-axis current calculation section 112 holds Expres-
sion (6) above 1n advance, and calculates a y-axis current 1,
by substituting the average direct current 1., . input from
the average current calculation section 111 into Expression
(6).

Also, the o-axis current calculation section 113 holds
Expression (7) i advance, and receives inputs of a latest
power supply frequency command m,*, a latest v-axis
voltage command v, * and a latest 0-axis voltage command
v.* from the V/I control section 12. The 06-axis current
calculation section 113 calculates a line voltage command
eftective value V from the y-axis voltage command v, *
and the o0-axis voltage command v *. Furthermore, the
0-axis current calculation section 113 calculates a d-axis
current 15 by substituting the line voltage command eflective
value V__ and the input power supply {frequency command
m,* 1nto Expression (7) above.

The y-axis current 1, calculated by the y-axis current
calculation section 112 and the 0-axis current 1, calculated
by the d-axis current calculation section 113 are 1input to the
V/1 control section 12 and used for generation of three phase
voltage commands.

More specifically, 1n the speed/position command gen-
eration section 121 in the V/1 control section 12, the v-axis
current 1, 1s substituted 1nto Expression (1) above to calcu-
late a power supply frequency command w, *. Furthermore,
the power supply frequency command 1s integrated to cal-
culate a rotor position command 0%,

Subsequently, in the voltage command generation section
122, a y-axis voltage command v, * and a 0-axis voltage
command vgz* are calculated according to Expressions (3)
and (4), using the power supply frequency command w,*
and the 6-axis current 1.

In the two phase/three phase conversion section 123, the
y-axis voltage command v,* and the o0-axis voltage com-
mand vg* calculated 1n the voltage command generation
section 122 into three phase voltage commands v_*, v _* and
v_*, using the rotor position command 0% calculated 1n the
speed/position command generation section 121.

The three phase voltage commands v, * , v.* and v *
calculated 1n the V/1 control section 12 are input to the PWM
signal generation section 13 and used together with a value
of the mput direct-current voltage V .~ input to the inverter
2, for generation of PWM signals S, ., . for the respective
phases. The PWM signals for the respective phases, which
have been generated by the PWM signal generation section
13, are provided to the mverter 2, and control to turn on/off
the switching elements 1n the upper and lower arms for the
respective phases in the inverter 2 1s performed based on the
respective PWM signals.
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As described above, with the inverter apparatus 1 accord-
ing to the present embodiment, relationships among an

average direct current, a y-axis current and a 6-axis current
relative to a motor torque when a line voltage command
cllective value and a rotating shait speed of a motor are
changed, respectively, 1s figured out, and respective arith-
metic expressions tfor calculating the y-axis current 1, and
0-axis current 15 are determined from the relationships, and
the y-axis current 1, and the 0-axis current 14 are calculated
using the arithmetic expressions. Consequently, as indicated
in FIG. 7, even 1f overmodulation control in which only the
switching elements for one phase (W-phase 1n FIG. 7) are
kept 1n an on state and the switching elements for the
remaining two phases are kept in an ofl state over a period
equal to or exceeding one control cycle 1s performed, a
y-axis current 1, and a 0-axis current 15 can be figured out
based on a direct current 1, detected by the current sensor 6.

Furthermore, with the inverter apparatus 1 according to
the present embodiment, the y-axis current 1, 1s calculated
from an average direct current 1, . and the d-axis current
i, is calculated using a parameter used for V/f control.
Accordingly, for example, the step of calculating inverter
output currents 1u, 1v and 1w, which 1s described 1n, e.g., PTL
3, can be omitted. Consequently, a processing load on the
inverter controller 3 can be reduced. As a result, the inverter
controller 3 has a capacity in processing, enabling, for
example, reduction 1n control cycle and/or an increase 1n
carrier frequency.

In the present embodiment, the configuration of the V/1
control section 12 1s a mere example, and besides the
above-described configuration, any of known V/I control
configurations, for example, a V/1 control configuration such
as disclosed in PTL 1, can be employed.

Furthermore, beside the V/f control section 12, the
inverter controller 3 may include one or more control
sections that control the inverter using other control methods
such as sensorless vector control, open-loop control and
fixed-frequency PWM control. For example, 1t 1s possible
that: one control method 1s selected from open-loop control,
fixed-frequency PWM control, sensorless vector control and
V/1 control according to a speed command for the compres-
sor motor 4; and the inverter 2 1s controlled according to the
control method. In this case, 1t 1s possible that only during
a period 1n which V/1I control 1s performed, a y-axis current
1, and a O-axis current 1y are calculated by the current
calculation section 11 as described above to perform V/I
control based on the calculated y-axis current 1, and 0-axis
current 1.

Second Embodiment

Next, an inverter apparatus according to a second embodi-
ment of the present mmvention will be described. In the
above-described inverter apparatus 1 according to the first
embodiment, irrespective of whether or not overmodulation
control 1s performed, 1n a period in which V/1 control is
performed by the V/f control section 12, a y-axis current 1,
and a 0-axis current 15 are calculated by the current calcu-
lation section 11 to use the calculated y-axis current 1, and
0-axis current 15 for V/1 control. In the mverter apparatus
according to the present embodiment, only 1n a period 1n
which overmodulation control 1s performed 1n V/1 control, a
y-axis current 1, and a 0-axis current 15 are calculated by a
current calculation section 11, and in a period i which
overmodulation control 1s not performed, the y-axis current
1, and the 0-axis current 1, are calculated using another axis
current calculation procedure.
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For example, as 1llustrated 1n FIG. 8, an inverter apparatus
1a according to the present embodiment includes a current
calculation section (a third current calculation section and a
fourth current calculation section) 20 that performs the
method disclosed 1n PTL 3, that 1s, calculates three phase
currents 1, 1, and 1, from a direct current 1_,, and calculates
a y-axis current 1, and a 0-axis current 15 from the calculated
three phase currents 1,, 1, and 1, 1n addition to the current
calculation section 11.

More specifically, the current calculation section 20
includes a phase current calculation section 21 and a three
phase/two phase conversion section 22.

In such inverter apparatus 1a, 1if overmodulation control 1s
performed, a y-axis current 1, and a o0-axis current 15 are
calculated using the current calculation section 11, and 1f
overmodulation control 1s not performed, the y-axis current
1, and the 0-axis current 15 are calculated using the current
calculation section 20.

Here, whether or not overmodulation control 1s being
performed may be determined based on, for example, a
voltage utilization rate. The voltage utilization rate can be
provided according to Expression (8) below.

Voltage utilization rate=line voltage command effec-
tive value/(direct-current voltage/v?2)

(8)

In this case, 1 the voltage utilization rate 1s equal to or
exceeds a predetermined value (for example, 1), which 1s set
in advance, it 1s determined that overmodulation control 1s
being performed and the current calculation section 11 1s
employed, and 11 the voltage utilization rate 1s less than the
predetermined value, it 1s determined that overmodulation
control 1s not being performed and the current calculation
section 20 1s employed.

Also, besides the determination according to the voltage
utilization rate, for example, 1t 1s possible that if only
negative-side switching elements for one or two phases are
kept on over a period equal to exceeding one control cycle
and negative-side switching elements for the remaining
phases are kept ofl, the current calculation section 11 1s
employed, and in cases other than the above, the current
calculation section 20 1s employed. Whether or not only the
negative-side switching elements for one or two phases are
kept on and the negative-side switching elements for the
remaining phases are kept ofl can be determined by, for
example, determining whether or not any of three voltage
commands v, *, v.* and v_* calculated by the V/I control
section 12 exceeds a maximum value of a triangle wave
carrier amplitude.

Furthermore, even during overmodulation control being
performed, for example, it 1s possible that: 1n each of the first
periods Ta 1n FIG. 9, the current calculation section 20 1s
employed to calculate a y-axis current 1, and a 0-axis current
15; and 1n each of regions other than the first periods Ta, the
current calculation section 11 1s employed to calculate the
y-axis current 1, and the 0-axis current 1. Here, “first period
Ta” refers to a period that 1s equal or lower than an upper
limit A of a duty cycle that enables an imnverter controller (for
example, a CPU) to secure time necessary for detecting a
current value and 1s equal to or higher than a lower limit B
of the duty cycle that enables the inverter controller to secure
time necessary for detecting a current value.

As described above, 1n one electrical angle cycle, switch-
ing between the current calculation section 11 and the
current calculation section 20 i1s performed, whereby even 1f
sharp load torque fluctuation occurs, 1t 1s possible to
promptly follow changes in current value and current phase,
enabling stable control to be performed.
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The switching between the current calculation section 11
and the current calculation section 20 may be performed
only for the y-axis current or only for the 6-axis current. For
example, for the y-axis current 1, a y-axis current calculation
section 112 in the current calculation section 11 may con-
sistently be used without performing current calculation
section switching. For example, 1f calculation methods for
both the y-axis current 1, and the o-axis current 15 are
switched to the other at a time, calculated values may
fluctuate before and after the switching. Accordingly, a same
procedure 1s consistently used for calculation of either of the
y-axis current 1, and the 0-axis current 14, enabling suppres-
sion of fluctuation in calculated value due to calculation
procedure switching.

Third Embodiment

Next, an mverter apparatus according to a third embodi-
ment of the present invention will be described. As illus-
trated i FIG. 10, the mverter apparatus according to the
present embodiment includes a y-axis current calculation
section (a first current calculation section) 112 1n a current
calculation section 11, which has been described above (see
FIG. 2), and a 0-axis current calculation function (a second
current calculation section) in the current calculation section
20, and a y-axis current calculated by the v-axis current
calculation section 112 and a 6-axis current calculated by the
current calculation section 20 are output to a V/T control
section 12.

In the mnverter apparatus according to the present embodi-
ment, during overmodulation control being performed, in
cach of first periods Ta, which 1s illustrated 1n FIG. 9, the
v-axis current calculated by the y-axis current calculation
section 112 and the 6-axis current calculated by the current
calculation section 20 are output to the V/1 control section
12.

Also, 1 each of periods other than the first periods Ta, the
current calculation section 20 halts processing for calculat-
ing the o-axis current and keeps the o0-axis current ig
calculated 1n the last first period Ta, and outputs the value of
such 0-axis current 14 as the d-axis current 1. In this case,
also, the calculation of the v-axis current by the y-axis
current calculation section 112 1s continued.

As described above, 1n each of periods other than the first
periods Ta, a value of the last 6-axis current 154 calculated in
the relevant first period Ta 1s kept by the current calculation
section 20 and calculation according to Expressions (3) to
(5) above 1s performed by the V/1 control section 12 using
the value to calculate a y-axis voltage command v, * and a
0-axis voltage command vg*.

As described above, 1n each of periods other than the first
periods Ta, in which 1t 1s likely that a 6-axis current 14 cannot
be detected by the current calculation section 20, processing
for calculation of a ¢-axis current 15 by the current calcula-
tion section 20 1s halted, enabling reduction in processing
load on, and power consumption in, the mverter controller.

Although 1n the present embodiment, the current calcu-
lation section 20 1s employed as a 0-axis current calculation
means, the 6-axis current calculation section 113 illustrated
in FI1G. 2 may be employed instead. In this case, also in each
of periods other than first periods Ta, processing for calcu-
lation of a 0-axis current 14 1s halted, enabling reduction 1n
processing load and power consumption.

Fourth Embodiment

Next, an mverter apparatus according to a fourth embodi-
ment of the present invention will be described. Although in
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the above-described third embodiment, in each of periods
other than first periods Ta during overmodulation control
being performed, the last value 1s used as a 6-axis current,
in the present embodiment, in each of periods other than the
first periods Ta, 6-axis current calculation processing in a
current calculation section 20 1s halted and processing for
calculation according to Expressions (4) and (3) 1n a V/T
control section 12 1s halted.

More specifically, the V/1T control section 12 employs a
fixed value, which 1s set 1n advance, as a 6-axis voltage
command vg*, and treats a value of V.. in Expression (3)
as being constant without performing calculation processing
tor Expression (5).

As described above, 1n each of periods other than the first
pertods Ta, the o-axis current calculation processing 1s
halted and calculation processing for Expression (4) and (5)
in the V/1T control section 12 1s also halted, enabling sim-
plification of arithmetic processing, whereby a processing,
load on a current calculation section 11 and the V/1 control
section 12 can be reduced.

Instead of the above aspect, for the 0-axis voltage com-
mand v*, 1t 1s possible to halt calculation processing using,
Expression (4) through a period in which overmodulation
control 1s performed and employ a fixed value, which 1s set
in advance.

REFERENCE SIGNS LIST

1 inverter apparatus

2 1nverter

3 inverter controller

4 compressor motor

5 direct-current power supply

6 current sensor

8 voltage sensor

11 current calculation section

12 V/1 control section

13 PWM signal generation section

20 current calculation section

111 average current calculation section

112 v-axis current calculation section

113 o-axis current calculation section

121 speed/position command generation section
122 voltage command generation section

123 two phase/three phase conversion section

The invention claimed 1s:

1. An 1mverter apparatus comprising:

an 1nverter that converts a direct-current voltage mput via
a direct-current bus into three phase alternating volt-
ages and outputs the three phase alternating voltages to
a motor;

an 1nverter control unit that controls the inverter; and

a current detection unit that detects the direct current
flowing 1n the direct-current bus,

wherein the mverter control unit includes a first current
calculation section that holds, 1n advance, a v-axis
current arithmetic expression including the direct cur-
rent as a parameter, and calculates a vy-axis current
using the direct current detected by the current detec-
tion unit for the y-axis current arithmetic expression,

wherein the inverter control unit comprises a second
current calculation section that calculates three phase
alternating currents from the direct current detected by
the current detection unit and calculates a 6-axis current
from the three phase alternating currents,

wherein the inverter control unit comprises a V/1 control
section to which the y-axis current calculated by the
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first current calculation section and the 0-axis current
calculated by the second current calculation section are
input; and

wherein the V/T control section comprises

a power supply frequency command calculation section
that calculates a power supply frequency command
using the y-axis current and a speed command for the
motor,

a v-axis voltage command calculation section that calcu-
lates a y-axis voltage command using an arithmetic
expression ncluding an integral term of the o-axis
current and the power supply frequency command as
parameters, and

a 0-axis voltage command calculation section that calcu-
lates a 0-axis voltage command using a linear function
of the 6-axis current.

2. The mverter apparatus according to claim 1, wherein
the y-axis current arithmetic expression 1S an expression
obtained by figuring out a relationship between an average
direct current and the v-axis current relative to a motor
torque when a line voltage and a rotating shait speed of a
motor are changed, respectively, and deriving the expression
from the relationship.

3. The mverter apparatus according to claim 1, wherein
the second current calculation section calculates the 0-axis
current from the three phase alternating currents in a {first
period 1 which a duty cycle 1s neither 100% nor 0% 1n one
clectrical angle cycle during overmodulation control being
performed, and keeps the 0-axis current calculated last time
in the first period and outputs the kept value as the 0-axis
current 1n a period other than the first period.

4. The inverter apparatus according to claim 1, wherein 1n
a period 1n which a duty cycle 1s either 100% or 0% 1n one
clectrical angle cycle during overmodulation control being
performed,

the second current calculation section halts processing for
calculating the o-axis current, and

the v-axis voltage command calculation section calculates
the y-axis voltage command using a fixed value set in
advance 1n the integral term of the 0-axis current.

5. The mverter apparatus according to claim 1, wherein
during overmodulation control being performed, the 6-axis
voltage command calculation section outputs a fixed value
set 1n advance as the 0-axis voltage command.

6. The mverter apparatus according to claim 1, wherein
the mverter control unit comprises:

a V/1 control section to which the y-axis current calculated
by the first current calculation section 1s mput, the V/1
control section calculating a power supply frequency
command using the y-axis current and a speed com-
mand for the motor; and

a third current calculation section that holds, 1n advance,
a 0-axis current arithmetic expression including a line
voltage and the power supply frequency command
calculated 1n the V/1 control section as parameters, and
calculates a 0-axis current using an command value or
a measurement value of the line voltage and the power
supply frequency command calculated by the V/1 con-
trol section for the 6-axis current arithmetic expression.

7. The verter apparatus according to claim 6, wherein
the 0-axis current arithmetic expression 1s an expression
obtained by figuring out a relationship between the o-axis
current and a motor torque when the line voltage and a
rotating shaft speed of the motor are changed, respectively,
and deriving the expression from the relationship.
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8. The 1nverter apparatus according to claim 6, compris-

ng:

a fourth current calculation section that calculates three
phase alternating currents from the direct current
detected by the current detection umit, and calculates a 5
v-ax1s current from the three phase alternating currents;
and

a second current calculation section that calculates a
0-ax1s current from the calculated three phase alternat-
ing currents, 10

wherein 1n a period in which overmodulation control 1s
performed, the y-axis current 1s calculated by the first
current calculation section and the 0-axis current is
calculated by the third current calculation section, and
in a period 1 which the overmodulation control 1s not 15
performed, the y-axis current 1s calculated by the fourth
current calculation section and the 0-axis current 1s
calculated by the second current calculation section.

9. The inverter apparatus according to claim 8, wherein in

a first period 1n which a duty cycle 1s neither 100% nor 0% 20
in one electrical angle cycle during overmodulation control
being performed, the v-axis current 1s calculated by the
fourth current calculation section and the d-axis current is
calculated by the second current calculation section, and 1n

a period other than the first period, the y-axis current 1s 25
calculated by the first current calculation section and the
0-axis current 1s calculated by the third current calculation
section.
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